The structure of the oxygen-evolving complex of photosystem II, which contains a cubane -like metal-oxo cluster incorporating four manganese(III,IV) cations, along with a calcium cation, has focussed attention on synthetic analogues of this cluster. Despite this activity, there are relatively few structurally characterised coordination clusters with this combination of metal cations. The calixarenes are synthetically versatile and well established cluster -supporting ligands, which to date have not been reported to support a calcium/manganese cluster. Here we report that p-t-butylthiacalix [4]arene supports CaMn 2 and Ca 2 Mn 2 clusters, whereas reactions of p-t-butylcalix [4]arene, p-t-butylsulfinylcalix[4]arene, and p-t-butylsulfonylcalix[4]arene, under the same conditions, produced only homometallic manganese complexes.
Introduction
The structure of the oxygen-evolving complex of photosystem II contains a cubane-like metal-oxo cluster incorporating four manganese(III,IV) cations, along with a calcium ion that is known to be essential for activity (Figure 1 ), 1 although its function is duplicated by strontium. This has driven increased interest in heterometallic complexes incorporating these metals. 3 While the role of the redoxinactive metal ion is still being actively investigated, the influence of this cation on electron transfer processes in synthetic systems has been elegantly demonstrated recently. 3b,4 Despite this activity, relatively few calcium/manganese clusters have been structurally characterised. 3a,5 We, and others, have reported homometallic manganese clusters supported by calix [4] 
Experimental Syntheses
All reactions were conducted using standard laboratory equipment, open to air. All samples were dried in a drying pistol at 1-2 mm Hg and 50-60 O C for at least 4 hours.
0.25 mmol) in dmf (1 mL) was then added. 
Crystallography
The crystal data for 13dmf0.39H 2 O, 12dmf , 24dmf, and 23.55dmf are summarized in Table 1 . Diffraction data were collected at 100(2) K (150(2) K for 12dmf) on an Oxford Diffraction Gemini or Xcalibur diffractometer fitted with graphite-monochromated Mo Kα radiation (for 13dmf0.39H 2 O and 24dmf) or Cu Kα radiation (for 12dmf and 23.55dmf). Following analytical absorption corrections and solution by direct methods, the structures were refined against F 2 with full-matrix least-squares using the program SHELXL-97. 14 Unless stated below, non-hydrogen atoms were refined with anisotropic displacement parameters with hydrogen atoms were added at calculated positions and refined by use of a riding model with isotropic displacement parameters based on those of the parent atoms. For 13dmf0.39H 2 O, tertiary butyl groups 14n, 54n, 74n and the solvent dmf were all modelled as being disordered over two sets of sites with occupancies refined to 0.589(3) and its complement after trial refinement found the values not to be significantly different. A relatively large peak was modelled as being a water molecule associated with one of the disordered dmf molecules. No water molecule associated with the other component of the disordered dmf could be located. The carbon atoms of the tert-butyl group 54n were refined with isotropic displacement parameters. Water molecule hydrogen atoms were not located. For for 12dmf, tertiary butyl groups 14n and 74n and the solvent dmf 30n were all modelled as being disordered over two sets of sites with occupancies constrained to 0.5 for the tert-butyl groups and refined to 0.666(12) and its complement for the two components of the dmf molecule. The geometries of the disordered groups were refined with restrained geometries. Since attempts to model the solvent were not successful, the program Platon/Squeeze 15 was used to effectively eliminate this electron density. For 24dmf, tertiary butyl groups 24n, 74n, 84n and the solvent dmf molecules 10n and 30n were all modelled as being disordered over two sets of sites. The two components of dmf 10n were assigned equal occupancies after trial refinement. The occupancies of the remaining disordered atoms were refined to 0.703 (2) and its complement after trial refinement found the values for each disordered group not to be significantly different. The carbon atoms of the disordered tert-butyl groups 24n and 74n were refined with isotropic displacement parameters. Geometries of the disordered tert-butyl groups were restrained to ideal values. The hydrogen atoms involved in hydrogen bonding between adjacent phenoxy groups were refined with O-H distances restrained to ideal values. For 23.55dmf, tertiary butyl groups 14n and 64n and the coordinated dmf molecule 50n were all modelled as being disordered over two sets of sites. The occupancies of the two components of each of the disordered tert-butyl atoms were constrained to 0.5 after trial refinement with those of the disordered dmf refined to 0.63 (2) and its complement. Two solvent dmf molecules were refined with identical site occupancies after trial refinement found these to be similar. Geometries of the disordered tert-butyl groups were restrained to ideal values. The hydrogen atoms involved in hydrogen bonding between adjacent phenoxy groups were refined with O-H distances restrained to ideal values.
Results and Discussion
The attempted syntheses of Ca/Mn complexes of calixarene ligands,
, and H 4 L SO2 ( Figure 2 ) were carried out by simply adding a mixture of both metal cations (as chlorides or acetates) to a solution of the ligand under basic conditions. Where chlorides were used, triethylamine was added as the base, whereas no additional base was added when acetate salts were used. In some cases, manganese(III) acetate was used in an effort to form complexes at the higher oxidation state. The two calixarene ligands are not co-planar, presumably due to the differing radii of the metal centres, with angle between the two S4 planes being 14.29(2)˚. The resulting structure is similar to the previously reported Mn/Gd complex
. 10 Aside from the variation in solvent molecules (dmf or methanol), the key difference is the absence of the  4 -OH atom in the complex reported here.
The angle between the two calixarene S4 planes is identical in the Mn/Ca and Mn/Gd complexes, as might be expected given the use of lanthanides as substitutes for the spectroscopically silent calcium cation in metalloenzymes. 12a Repeating the experiment resulted in the crystallisation of a different solvate, 12dmf, where the metal complex was essentially unchanged, but with different crystal packing. The complexes in 13dmf0.4H 2 O are packed in two-dimensional sheets in the orthorhombic lattice, with the pseudo 4-fold axis of the calixarene dimers oriented parallel to the c-axis. The packing in 12dmf is columnar, with the pseudo 4-fold axis approximately parallel to the 110 direction, in a triclinic unit cell ( Figure S.4) . Similar reactions were carried out substituting the chloride salts with manganese and calcium acetates. In this case, no base was added aside from the acetate counterions. Despite the use of manganese(III) acetate in the reaction, pale yellow crystals were deposited, suggesting that any manganese present had been reduced to manganese(II). The results of the structure determination were consistent with a complex formulated as [Mn(Ca2dmf) 2 (HL S ) 2 ], 2. Once again, two different solvates were isolated from different experiments, 24dmf, and 23.55dmf (Table 1) , with an essentially identical complex in each. The complex is again "sandwich-like", with the two calixarene ligands disposed on either side of the plane defined by the three metal centres (Figure 4 ). 
Conclusions
It has been shown that the thiacalix[4]arene, L S , can support heterometallic clusters composed of manganese and calcium cations, the first such clusters supported by a calixarene ligand. The other calix[4]arenes tested resulted in homometallic manganese complexes, despite the presence of calcium in the reaction mixture. Given the low yields of the isolated metal complexes, the presence of mixed metal complexes in solution can not be ruled out. Work is now underway to clarify the solution speciation in these systems, and to study the impact that the redox-inactive metal has on the electrochemical properties of the isolated Mn/Ca complexes.
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